In order to test photoelectric recording of dye curves, simultaneous determinations of cardiac output were made in 48 patients with heart disease with the Fick and dye-dilution technics. of the intra-arterial needle. All subjects breathed room air.
A VAILABILITY of a cuvette densitometer,' allowing continuous recording of the concentration of Evans blue dye in the blood, has simplified methodology for estimation of cardiac output by the dye-dilution technic. The classic Hamilton dye-dilution method with intermittent sampling and measurement of dye concentration in plasma has been repeatedly shown to compare closely with the Fick technic for measurement of cardiac output in normal human subjects, 2 3 and in patients with heart disease,4-but photoelectric recording of changing dye concentration in whole blood has been criticized, particularly because of the variable optical properties of flowing blood. The present study was undertaken to compare estimates of cardiac output obtained by the Fick and dye-dilution technics, the latter utilizing a densitometer that continuously recorded the concentration of dye in whole blood. Comparisons were also made between intrathoracic and arm-vein injection of dye. of the intra-arterial needle. All subjects breathed room air.
METHODS
In a typical experiment the catheter was introduced into the pulmonary artery and a needle was inserted into a brachial artery. Blood samples for calibration of the densitometer were withdrawn from the brachial artery. A 15-minute rest period was then allowed, following which cardiac output measurements were performed. When possible, a Fick determination and a dye curve were followed by another Fick determination and dye curve, performed as rapidly as was possible, usually within 30 minutes.
Dye was injected through a calibrated syringeneedle or syringe-catheter system. For recording dye-dilution curves, blood was drawn from the brachial artery through a Cournand needle, a polyethylene tube 4 inches in length with inside diameter of 0.75 mm. (Clay-Adams PE 60), and through the cuvette of a standard Colson Model-103 densitometer. The volume between the tip of the arterial needle and the outflow from the cuvette was 0.9 ml. The internal volume of the cuvette was 0.04 ml. Blood was drawn through the cuvette at rates of 0.6 to 0.8 ml. per second. The Colson densitometer8 9 consists of (1) an incandescent bulb light source; (2) Bausch-Lomb interference filters for selection of light with wavelength of 630 mg., the maximum absorption wavelength of Evans blue, or of 800 mg., the peak absorption wavelength of indocyanine-green dye; (3) a cuvette through which blood passes, made of 2 plane glass surfaces 1 Following arm-vein dye injection, circulation time (to peak of curve) averaged 28 seconds, with individual values ranging from 18 to 57 seconds. These values were distinctly more prolonged than circulation times obtained with intrathoracic dye injection, which averaged 18 seconds, individual determinations varying from 10 to 27 seconds. Although there was definite correlation between circulation time and cardiac output in the entire group, figure 7 demonstrates the wide variation in cardiac index associated with any given value of circulation time.
Indocyanine-green dye has been administered to 45 patients in these and related studies. Individual doses have ranged from 5 to 15 mg., and total doses in individual patients have reached 60 mg. The dye has produced no toxic effects, nor has skin discoloration been observed. Green color, de tTwenty-two normal subjects.
4Seven normal and 24 patients with heart and lung disease. Six determinations during exercise. §Six normal; rest hypertensive, rheumatic heart disease, cor pulmonale, functional classes I-JV. curve and reduction of blood lost during sampling represent further advantages of densitometer recording. The small volume of the cuvette (0.04 ml.) allows complete replacement of the blood in the cuvette many times in each second, so that a very large number of individual values of dye concentration are available for plotting. This factor is of particular value in rapidly changing dye curves, for instance in the localization of right-to-left intracardiac shunts.
Disadvantages. The most serious disadvantages of this method centered around the calibration procedure used with Evans blue dye. About 100 ml. of blood were collected from each subject for calibration purposes. Addition of 0.2 ml., 0.4 ml., and 0.6 ml. of 5 per cent Evans blue to 20 ml. of blood gave optimal deflections in the recording system used. Accurate delivery of these small volumes of dye into the blood under anaerobic conditions represented a difficult problem. In an annoying minority of the determinations, perfectly good dye curves could not be used for calculation of cardiac output because of obviously nonlinear calibration. A sufficient number of calibrations was recorded in which a straight line connected the origin and 3 dye concentrations to indicate that deflection of the recorder was linearly related to dye concentration in whole blood, and that nonlinear calibration was caused by errors in pipetting the dye. The disadvantages, inherent in this calibration procedure, led in the more recent measurements using green dye, to the use of the calibration method of Theilen et al.1" in which blood collected during actual inscription of the dye curves is used for calibration, with reduction of blood shed and avoidance of pipetting errors.
Agreement between Fick estimates of cardiac output and those obtained by antecubital dye injection reemphasizes an additional advantage of the dye method; namely, its usefulness in patients in whom cardiac catheterization is inconvenient or inadvisable. Dye curves tend to be more spread out and to have lower peaks as the injection site is moved farther from the sampling site,16 and occasionally curves obtained by arm-vein injection are so flat as to be useless, particularly in patients with marked valvular regurgitation or great increase in pulmonary blood volume. In such instances, a larger dose of dye may prove useful, but intrathoracic injection of dye is often necessary.
Indocyanine-green dye10 has proved nontoxic, of good optical density, and easy to handle. Its chief advantage over Evans blue dye lies in the fact that it may be administered repeatedly without skin discoloration. Both its color and the rapidity with which it is cleared from plasma contribute to this useful feature. A second advantage of indocyanine-green dye relates to its wavelength of maximum light absorption, 800 mu., a wavelength at which oxygenated and reduced hemoglobin absorb light equally.
With the densitometer filters chosen to transmit to the photocell light of this wavelength, the output of the photocell is practically independent of the oxygen saturation of the blood. The desitometer, therefore, recognizes changes in hemoglobin saturation very poorly, and dye curves are uninfluenced by marked fluctuation in the oxygen content of the blood. Fading of color and aggregation of dye particles have not been a problem if green dye is dissolved first in the diluent supplied with the dye and then in plasma. Fading is rapid in water or saline solutions. SUMMARY Continuous recording of dye concentration in blood by means of a photoelectric densitometer has proved a convenient technic for estimation of cardiac output by the indicatordilution principle. Comparison of this technic with the Fick method has demonstrated close agreement in 48 human subjects with heart disease. Though most of the dye curves were produced by intracardiac dye injection, antecubital vein injection also produced estimates of cardiac output that compared favorably with nearly simultaneous Fick estimates.
The close agreement observed empirically between these widely different approaches to measurement of cardiac output supports the theoretic bases of the 2 methods in suggesting that cardiac output can be accurately estimated in the intact human, with ease and convenience. ACKNOWLEDGMENT Le intime concordantia empiricamente observate inter iste differentissime methodos pro le measuration del rendimento cardiac supporta le bases theoric de ille methodos. Le ultime conclusion practic pare esser que le rendimento cardiac pote esser determinate accuratemente in humanos intacte e que le procedimentos technic que es requirite in tal determinationes es facile e convenibile.
